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予想（期待）されるルミノシティ
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PHYSICS CASE

❖ ヒッグス
๏ self coupling ？
๏ Yt, Yb?

❖ 超対称性その他
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Figure 9. A sample comparison between the SLHC, the DLHC and the TLHC: at low 
mass ~ 2 TeV, the W’ cross section increases by a factor of 5 at the DLHC and 
another factor at the TLHC, but the increase is much larger for a heavier W’. The 
DLHC would require only a few fb–1 to discover a W’ weighing 7 TeV, which would 
require 1000 fb–1 at the SLHC. The reach at the TLHC would extend beyond 10 TeV. 
 
Table 1 shows a brief summary of the comparison of the physics potentials of 
the basic LHC and the SLHC. We also give some examples of the physics 
reach of the DLHC and, for comparison, the physics reaches of an electron–
positron linear collider of 0.8 TeV and CLIC with 5 TeV. 
 
Table 1: The reach of LHC, SLC and DLHC are compared with those of a linear 
collider of 0.8 TeV and CLIC at 5 TeV [6]. 

 

Process LHC 
14 TeV 
100 fb–1 

SLHC 
14 TeV 
1000 fb–1 

DLHC 
28 TeV 
100 fb–1 

LC 
0.8 TeV 
500 fb–1 

CLIC 
5 TeV 
1000 fb–1 

Squarks (TeV) 2.5 3 4 0.4 2.5 
WL WL (!) 2 4 4.5 6 90 
Z’ (TeV) 5 6 8 8" 30" 
Extra-dimens. 
scale (TeV) 

9 12 15 5–8.5" 30–55" 

q* (TeV) 6.5 7.5 9.5 0.8 5 
Compositeness 
scale (TeV) 

30 40 40 100 400 

TGC, 
 #$ (95%CL) 

0.0014 0.0006 0.0008 0.0004 0.00008 

"Indirect reach from precision measurements 
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ATLAS 検出器
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Figure 1.1: Cut-away view of the ATLAS detector. The dimensions of the detector are 25 m in
height and 44 m in length. The overall weight of the detector is approximately 7000 tonnes.

The ATLAS detector is nominally forward-backward symmetric with respect to the interac-
tion point. The magnet configuration comprises a thin superconducting solenoid surrounding the
inner-detector cavity, and three large superconducting toroids (one barrel and two end-caps) ar-
ranged with an eight-fold azimuthal symmetry around the calorimeters. This fundamental choice
has driven the design of the rest of the detector.

The inner detector is immersed in a 2 T solenoidal field. Pattern recognition, momentum
and vertex measurements, and electron identification are achieved with a combination of discrete,
high-resolution semiconductor pixel and strip detectors in the inner part of the tracking volume,
and straw-tube tracking detectors with the capability to generate and detect transition radiation in
its outer part.

High granularity liquid-argon (LAr) electromagnetic sampling calorimeters, with excellent
performance in terms of energy and position resolution, cover the pseudorapidity range |η | < 3.2.
The hadronic calorimetry in the range |η | < 1.7 is provided by a scintillator-tile calorimeter, which
is separated into a large barrel and two smaller extended barrel cylinders, one on either side of
the central barrel. In the end-caps (|η | > 1.5), LAr technology is also used for the hadronic
calorimeters, matching the outer |η | limits of end-cap electromagnetic calorimeters. The LAr
forward calorimeters provide both electromagnetic and hadronic energy measurements, and extend
the pseudorapidity coverage to |η | = 4.9.

The calorimeter is surrounded by the muon spectrometer. The air-core toroid system, with a
long barrel and two inserted end-cap magnets, generates strong bending power in a large volume
within a light and open structure. Multiple-scattering effects are thereby minimised, and excellent
muon momentum resolution is achieved with three layers of high precision tracking chambers.
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Figure 4.2: Drawing showing the sensors and structural elements traversed by a charged track of
10 GeV pT in the barrel inner detector (η = 0.3). The track traverses successively the beryllium
beam-pipe, the three cylindrical silicon-pixel layers with individual sensor elements of 50×400
µm2, the four cylindrical double layers (one axial and one with a stereo angle of 40 mrad) of
barrel silicon-microstrip sensors (SCT) of pitch 80 µm, and approximately 36 axial straws of 4 mm
diameter contained in the barrel transition-radiation tracker modules within their support structure.

This chapter describes the construction and early performance of the as-built inner detector.
In section 4.2, the basic detector sensor elements are described. Section 4.3 describes the detector
modules. Section 4.4 details the readout electronics of each sub-detector, section 4.5 describes the
detector power and control and section 4.6 describes the ID grounding and shielding. Section 4.7
discusses the mechanical structure for each sub-detector, as well as the integration of the detectors
and their cooling and electrical services. The overall ID environmental conditions and general
services are briefly summarised in section 4.8. Finally, section 4.9 indicates some initial results on
the operational performance and section 4.10 catalogues the material budget of the ID, which is
significantly larger than that of previous large-scale tracking detectors.
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PHASE I

❖ 基本的には、ATLAS, CMSともに(最内層の)Pixelが死んで
しまうので、それに対する対策
๏ 300-400 fb-1まではOK

❖ シャットダウンは６−８ヶ月間（2014?）
๏ ATLASは交換に時間がかかるので、ビームパイプを細い
物に交換し、パイプと現存する検出器の間に１層だけ加
える（Insertable B Layer, IBL)

๏ CMSはpixelを全部交換
❖ ルミノシティは 3 x 1034（現行のデザインは 1 x 1034）

๏ TriggerとDAQは少しいじるが、他は変更無し
6



PHASE II -- 所謂 SUPER LHC

❖ 2017-18が今のところの予定
๏ 1年遅らすかどうか議論中

❖ ルミノシティ 1 x 1035（テクノロジーは議論中）
๏ Bunch crossing あたり ~400 の衝突

❖ ATLASの主な変更点
๏ Tracker 全部を交換、プラスbeam pipe

๏ Barrel calorimeter は electronics/readout の変更
๏ Forward calorimeter は一部交換
๏ Forward muon chamber もたぶん交換
๏ トリガーとDAQ
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TRACKER

❖ All silicon
๏ 4 layers of pixel, 

3 short and 2 long strips
๏ Layout optimization on

going ⇐ Long strip may 
have too  high occupancy
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ATLAS Tracker Upgrade Layout 
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TRACKER

❖ Sensor
๏ Many technology choice for pixel
‣ Needs to survive up to a few 1016 neq/cm2

‣ 3D, Diamond, planar n-in-n, n-in-p, etc.
๏ Probably n-strip in p-bulk for strip

❖ ASIC for readout
๏ Prototyping on going for both pixel and strip

❖ Hybrid/Stave design under consideration
❖ Cooling

๏ CO2?
❖ Powering

๏ Serial or DC-DC?
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CALORIMETER

❖ Detector itself should be OK, except for forward Liquid Ar 
calorimeter
๏ High current, ion built up in the gap, boiling of LAr
‣ Replacement takes ≥ 14 months
‣ New small detector in the very forward region

❖ Front-end electronics
๏ Bandwidth & latency
๏ More granularity for trigger decision
๏ Full replacement, not an upgrade
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MUON DETECTOR

❖ We don’t know the background level yet...
❖ If background level is as predicted,

๏ Only forward chambers need to be replaced
❖ If background is ×5, 

๏ Most chambers need to be replaced
❖ Have to measure background level anyway

❖ Smaller chamber preferable for more shielding
๏ Technology choice
‣ Micromegas/thin gap chamber/mini drift tube/etc.

❖ Redesign of the electronics
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BEAM PIPE

❖ Currently Be near the IP, and stainless steel otherwise
❖ Stainless Steel part to Be

12 !16 Feb 2009  !11  !Nigel Hessey, Nikhef 

Shielding and Background reduction 

" ! Already highly optimised; main improvement is change SS to Be beampipe z = 

4.5 to 16 m 

" ! Expensive by beampipe standards, but much cheaper than muon chambers 
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SUMMARY

❖ Phase I --- TDR next year (?)
๏ 6 to 8 months in 2014 shutdown
‣ Pixel sensor survives to 300-400 fb-1 (or more)

✦ Addition (Replacement) of the innermost layer at 
ATLAS (CMS), and new beam pipe

❖ Phase II --- LOI next year (?)
๏ 2017-18,  possible one year delay
‣ Replacement of the whole tracker (ATLAS & CMS)
‣ Forward calorimeter
‣ Trigger and DAQ
‣ Some electronics
‣ Forward muon chambers plus the others ?



BACKUP
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LHC “phase-2” scenarios
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